The boundary between the lithosphere and asthenosphere is associated with a platewide high-seismic velocity "lid" overlying lowered velocities, consistent with thermal models. Seismic body waves also intermittently detect a sharp velocity reduction at similar depths, the Gutenberg (G) discontinuity, which cannot be explained by temperature alone. We compared an anisotropic tomography model with detections of the G to evaluate their context and relation to the lithosphere-asthenosphere boundary (LAB). We find that the G is primarily associated with vertical changes in azimuthal anisotropy and lies above a thermally controlled LAB, implying that the two are not equivalent interfaces. The origin of the G is a result of frozen-in lithospheric structures, regional compositional variations of the mantle, or dynamically perturbed LAB.
P late tectonic theory describes a strong and rigid lithospheric "lid" that translates coherently atop a weaker and more deformable convecting asthenosphere. Determining the depth and pervasiveness of the interface between these two layers, known as the lithosphere-asthenosphere boundary (LAB), is key for understanding the formation, evolution, and thermochemical properties of plates and associated tectonics. The exact compositional and thermal mechanisms that control this rheological division remain enigmatic, but seismological imaging of anisotropy-the directional dependence of seismic wave velocity-across the upper mantle provides an essential tool for interrogating the transition in material properties across the LAB.
Seismological interrogations of the oceanic upper mantle beneath the Pacific Ocean find evidence for a sharp drop in seismic velocity, known as the Gutenberg (G) discontinuity (1), at 40-to 100-km depth. The depth of the G roughly coincides with the top of a low-velocity zone (LVZ) and may be the seismological expression of the LAB. However, correlating G depth with plate age and distance to mid-ocean ridges has not produced a unifying interpretation of the relationship between the G and the LAB (2) (3) (4) (5) (6) . This has led to several alternative hypotheses for the origin of the G, including partial melt lenses in the asthenosphere (3), hydrogen depletion of olivine from decompression melting beneath mid-oceanic ridges (7, 8) , frequency-dependent attenuation effects reducing the shear modulus in the presence of mantle hydration (9) , and dynamical melt-producing processes to explain the strong regional variations in G reflectivity from SS precursor data (5, 10) .
To improve our understanding of how isotropic and anisotropic velocity models relate to the observations of seismic discontinuities, we modeled the three-dimensional isotropic and anisotropic structure of the upper mantle beneath the Pacific Basin (Fig. 1 ) using a global data set of surface wave phase velocity maps (11, 12) . The dispersive properties of surface waves make them ideal to put depth constraints on seismic anisotropy and velocity, and the use of highermode surface waves to model azimuthal anisotropy provides sensitivity throughout the upper mantle ( fig. S1 ). The detection of changes in seismic anisotropy has been successfully used to identify layering in the mantle, variations in LAB depth beneath continents and oceans (13, 14) , and chemical stratification within the lithosphere under the North American craton (14) . Here we focus on anisotropy under the Pacific Plate, which is well sampled by surface waves and therefore constitutes a natural laboratory to constrain the evolution and cooling history of the oceanic lithosphere. The surface wave anisotropy results are compared to a large data set of high-frequency SS precursors that highlight the G (5).
Our models show a stratified upper mantle under the Pacific Ocean and a correlation between the boundaries of these layers and the location of observed seismic discontinuities (Fig. 2) . The top layer (layer 1) is defined by a poor alignment between V SV fast axes direction and the absolute plate motion (APM) (15) , and the underlying layer (layer 2) by a better alignment with the APM. Layer 1 is also characterized by high seismic velocities away from ocean ridges [4 to 5% with respect to our reference model (16)], and its thickness increases with crustal age, similar to past surface wave studies (13, (17) (18) (19) . Furthermore, layer 1 is associated with 1 to 2% radial anisotropy with V SV > V SH , and azimuthal anisotropy amplitudes of 1 to 2%. This fast V SV direction roughly follows the orientation of ocean floor fracture zones at 50-km depth near ridges, around 80-km depth for ocean ages between 80 and 120 million years ago (Ma), and at 100-km depth under old oceanic plates (Fig. 1) . Ocean floor fracture zones are temporally stable features that record plate motion path and can thus be used as proxy for the paleospreading directions. Layer 2 has lower S-wave velocity (-5% relative perturbations), strong radial anisotropy (5%) with V SH > V SV , and 3% azimuthal anisotropy with, by definition, fast axes subparallel to the APM (<30°deviation from APM).
On the basis of the above seismological observations, we define the LAB in our models as the dipping interface between these two layers. The strong anisotropy of layer 2 suggests alignment of olivine fast axes with mantle flow direction associated with plate motion that can occur in the deformable asthenosphere by dislocation creep (20) or diffusion creep (21) . Olivine lattice-preferred orientation (LPO) formed by mantle flow-induced shear strain in the dislocation creep regime is consistent with a lowviscosity asthenosphere (22) and a flow channel coincident with a low-velocity zone (23) . The thickness of our tomographically defined layer 1 increases with plate age, following the 900°t o 1100°C isotherms in a half-space cooling (HSC) model (black lines, Fig. 2 ). Combined with elevated seismic velocities, layer 1 is therefore consistent with cold lithosphere that has a thermally controlled thickness and implies that the LAB is a temperature-related phenomenon. Furthermore, the alignment of the V SV fast axes with the fossil spreading direction in layer 1 is consistent with LPO and the frozen-in record of past deformation in that layer for ages up to 80 Ma (13, 19, 21) . For older ages, the fast axes align with the sea-floor fracture zones below 50-to 80-km depth, but they do not align with either the APM or the fossil spreading directions at shallower depths, implying that another mechanism is required to explain the observations in this depth and age range. The depth of the change in radial anisotropy from V SV > V SH to V SH > V SV does not display any age dependence (Fig. 2E) , similar to previous observations (18) ; however, synthetic tests and calculation of the resolution matrix revealed that the vertical resolution of radial anisotropy models is poor (figs. S3 and S5).
Of particular interest are the vertical changes in the fast direction of azimuthal anisotropy detected by surface waves beneath the Pacific that overlap with the location of SS precursor detections (5) of seismic discontinuities (Fig. 2) . For younger crustal ages (<30 Ma), detections of the G reside at 50-to 55-km depth, falling above the weaker gradient in azimuthal anisotropy fast axes orientation arising from nearly parallel APM and fossil spreading directions. We caution that resolving the details of the G at depths of <50 km is challenging for the SS precursor technique, owing to the masking of shallower complexities by the large negative sidelobe of SS (4). In addition, ridges are relatively narrow structures compared to the long-wavelength SS Fresnel zone (>1000 km) and aliasing of small-scale structure may occur across the ridge axis. Nonetheless, G detections near the ridges fall within layer 2. For crustal ages between 30 and 100 Ma, G detections coincide with both the depth of a strong change in azimuthal anisotropy and fast axes directions (Fig. 2, A and C) , and lying near the base of layer 1 (55 to 70 km). Beneath 100-to 130-Ma crust, the G detections are still associated with the strong gradient in azimuthal anisotropy fast axes direction, primarily falling beneath Hawaii at 75-to 80-km depth, and are confined to the interior of layer 1. The G is poorly resolved beneath regions of crust older than 130 Ma; these regions are undersampled by the SS precursors, with only a few sporadic detections of reflectors beneath the oldest portions of the oceanic plate (24) . Thus, the G is associated with vertical changes in mantle azimuthal anisotropy.
For a discontinuity arising from anisotropy, the detection of the interface is dependent on the relative orientations of the overlying and underlying fabrics, combined with the strength of the anisotropy in each layer and the azimuthal sampling provided by source-receiver paths. As discussed in (24) , layered changes in azimuthal anisotropy give rise to SS precursor underside reflections of varying amplitude and sign, depending on the relative orientation of anisotropy within each layer. Despite limitations in the resolution near ridges and a lack of data sampling beneath older crust, where observed, the detections of the G reflector are tied to vertical changes in mantle anisotropy at a roughly constant depth (Fig. 2) , thus requiring a compositional or dynamical component for the origin of the G over purely thermal mechanisms.
Partial melt in the LVZ can help explain observations of increased shear velocity contrast, attenuation (10) , and mantle conductivity (25) . Where the G roughly coincides with the top of layer 2, partial melt also offers a possible explanation for observations of layered anisotropy (3). Partial melt will introduce azimuthal anisotropy when mantle flow in layer 2 entrains and segregates a small fraction of melt into en echelon tilted layers (26) , with fast axes aligned perpendicular to mantle flow (Fig. 3A) . The presence of such a feature would result in the formation of the G at the solidus/melt interface or where there is a change in mantle permeability (5) . In this model of the G, partial melt must be long-lived and/or dynamically renewed to sustain such structures, and thus sheared (15), and thin white lines denote ocean floor fracture zones (27) . Thick white contour lines denote ocean floor ages at 40-Ma intervals. They are annotated in (D to F), which display our radial anisotropy model. Other depths are shown in fig. S26 . Considering the estimated lateral resolution of the data used, we do not resolve variations in V S or x much smaller than 1600 km (and 5000 km for azimuthal anisotropy).
melt layers would be expected to produce persistent azimuthal anisotropy in the vicinity and downstream of sustained mantle upwellings (24) , or in the regions of melting produced by smallscale convection. This interpretation is consistent with the observed strong azimuthal anisotropy and well-defined G detections near Hawaii, a long-lived mantle upwelling. Alternatively, variable hydration with depth offers a subsolidus mechanism for producing anisotropy [e.g., (7, 9) , Fig. 3B ], although not necessarily in exclusion of tilted melt layers. The presence of 100-to 300-ppm (parts per million) H 2 O reduces the viscosity of olivine and modifies the mineral's anisotropic properties (8) , readily producing fabrics at higher hydration states and elevated temperature. Dehydration of the mantle underlying the mid-ocean ridge generates a chemically depleted, viscous layer of 50-to 80-km thickness (7) that subsequently becomes overprinted by lowered temperatures as the plate cools and migrates away from the spreading center. This will produce alignment of the olivine SV fast axes with the paleospreading direction at the ridge, occurring primarily in the underlying hydrated, and more deformable, layer 2, producing an anisotropic discontinuity at the base of the dehydrated layer. As the lid cools and thickens, this alignment would be frozen and preserved into the part of the lithosphere (layer 1) that lies below the chemical depletion boundary, whereas flow in the warmer underlying asthenosphere (layer 2) would align with present-day APM and potentially deviate from flow at the ridge. This interpretation accounts for the anisotropy of layer 2 and for the frozen-in anisotropy observed below the G in layer 1. In this scenario, both the asthenosphere and the part of the lithosphere located below the G are hydrated, but thermal effects dominate the nature of the lid and underlying LVZ. Ecological specialization should minimize niche overlap, yet herbivorous neotropical flies (Blepharoneura) and their lethal parasitic wasps (parasitoids) exhibit both extreme specialization and apparent niche overlap in host plants. From just two plant species at one site in Peru, we collected 3636 flowers yielding 1478 fly pupae representing 14 Blepharoneura fly species, 18 parasitoid species (14 Bellopius species), and parasitoid-host associations, all discovered through analysis of molecular data. Multiple sympatric species specialize on the same sex flowers of the same fly host-plant species-which suggests extreme niche overlap; however, niche partitioning was exposed by interactions between wasps and flies. Most Bellopius species emerged as adults from only one fly species, yet evidence from pupae (preadult emergence samples) show that most Bellopius also attacked additional fly species but never emerged as adults from those flies. P lant and insect diversity both peak in the tropics (1) where insect diversity is strongly associated with plant diversity (2, 3) and extreme specialization (4) . Ecological specialization is often considered a driver of diversification, with increasing specialization reducing niche overlap and promoting speciation (5, 6) . Diversification of herbivorous insects, arguably the most diverse group of organisms on Earth (7), is often explained by "arms race" or "escape and radiate" hypotheses involving specialized interactions either between two trophic levels-host plants and Olivine aligns with the present-day APM in the hydrated, warm asthenosphere. In this scenario, G can be both coincident with and above the thermally defined LAB and is detected by the SS precursors where the anisotropy contrast between the two layers is large.
